The phenomenon of children first producing words and then rapidly expanding their vocabulary is fascinating for both researchers and parents. At first glance, acquiring words and meanings may look relatively simple, but recent studies have revealed that word learning is actually a surprisingly complicated and difficult process. It is unlikely that only one approach can satisfactorily explore that process.
Introduction
The moment that children produce their first Haryu (1999) , Ejiri (2001) , and Saito (2003) published excellent reviews of language development, focusing upon recent studies in Japan, and issues of word learning have been discussed.
Studies of children's word learning have focused on relatively young children, such as toddlers and preschoolers, rather than on school children and ado- The present paper discusses studies of word learn-ing from five different perspectives:
(1) word learning biases and applications of those biases, (2) actions and pragmatic aspects of input, (3) developmental data and theoretical issues, (4) the fundamental ability for word learning, and (5) devices for word learning studies.
The most important recent studies in Japan of word learning, in the present author's view, have been selected for this review, mainly from international journals, but important domestic publications are also included and discussed. In addition, in order to benefit readers who are interested in Japanese research but are not competent in the Japanese language, articles written in English were given priority in the selection, but important ones in Japanese were also included.
Although most of the studies reviewed are pertinent to one of the five perspectives, studies may be related to more than one perspective.
Word Learning Biases and Applications of Those
Biases Young children learn words at a surprisingly rapid rate. One estimate of this rate is that a typical child learns nine new words per day after about one year and six months and before entering primary school (Carey, 1978) . To explain this extremely rapid rate, Markman and her colleagues (Markman, 1989) proposed that young children use word-learning biases (assumptions, constraints) in order to relate word and their meanings rapidly.
The major assumptions include whole object assumption, taxonomic assumption, and mutual exclusivity. A whole object assumption is used if, for example, an object is present and a word is heard, and the child assumes that the word refers to the whole object, rather than a part of it. A taxonomic assumption is being used when an object is present and a word is heard, and the child assumes that the word refers to the category to which the object belongs. Mutual exclusivity means that the categories to which words are associated are mutually exclusive and do not overlap.
Some of the phenomena of young children's word learning can be explained by these assumptions.
However, serious problems remain. (Baldwin, 1991; Kobayashi, 1997 Kobayashi, , 1998 Tomasello & Akhtar, 1995) .
Other research has focused on the role of syntax in word learning, because in English syntax, there is a high correlation between syntactic classes and associated semantic categories. For example, counting nouns that are marked by the article "a" or "an", and, in the plural, the suffix "-s", can be associated to objects; mass nouns can be associated to substances, and determiners can mark proper nouns and common nouns.
The interplay of syntactic classes and semantic categories in learning object words has been investigated (Gelman & Taylor, 1984; Smith, Jones, & Landau, 1992) , but whether such an interplay of syntactic cues and semantic cues is a necessary part of word learning was not investigated in those studies.
Because, in Japanese, there are no grammatical markers flagging the distinctions between counting nouns and mass nouns, and between proper nouns and common nouns, whether children can learn words without the support of syntax can be studied in Japanese children. Imai and Haryu (2001) Their results showed that when a novel label was given to an unfamiliar object, children assumed that it was the name of the basic-level object category, regardless of whether the referent was an animate or an inanimate object. When the named object already had an established name, and if the object was an inanimate object, the children assumed the label to be a subordinate category label. But when the named object was an animal, they tended to interpret the label as a proper name. Imai and Haryu (2001) showed that Japanese two-year-olds can fast-map a noun to a meaning without syntactic cues.
When a new word is associated with a known category, young children may have several choices if they use a whole object assumption and mutual exclusivity. The children may simply reject the word, or may interpret the word to be the name of another category label such as a superordinate or subordinate label, if part names, proper names, and perceptual features are reasonably excluded. Haryu and Imai (2002) examined how Japanese 3-year olds interpret a novel label given to a familiar artifact whose name is already known. In Study 1, the standard object was a familiar object that 3-yearolds can name (e.g., blue transparent plastic cup), and test objects were the standard object, a subordinate item (e.g., blue transparent plastic cup with a different color pattern), a basic level item (e.g., metal cup), a material item (e.g., a chunk of blue transparent plastic), and a distractor (e.g., a stuffed toy dog). Haryu and Imai (2002) asked the children whether each item could be named by a novel name. They found that the children chose a subordinate item. In Study 2 (Haryu & Imai, 2002) , the standard object's shape was either typical (e.g., a typical spoon shape with a slight irregularity) or atypical (e.g., an atypical spoon with a square shape). They found that when the shape of the named object was typical, 3-year-olds mapped the new word to a subordinate category, whereas if the shape of the named object was atypical, 3-year-olds mapped the new word to a new category. Haryu and Imai (2002) concluded that children flexibly recruit cues from multiple sources, and that the cues are weighed in a hierarchical order, so that the children can determine the single most plausible solution.
Overextension refers to the phenomenon in which a child maps a category label (e.g., dog) to a category that is larger than adults' category (e.g., all four-legged animals, including cats, sheep, and horses). Markman (1989) suggested that an overextended category could become shaped closer to an adult's category as children learn new category labels. Because children assume that a newly learned label (e.g., horse) refers to a category that is mutually exclusive with an already learned category (e.g., four-legged animal), they may interpret the new label as a subordinate label or a new category label. Haryu and Imai's findings can be related to the Markman's position. One way of overriding overextension may be explained in terms of the results of Haryu and Imai (2002) .
It is possible that caregivers provide useful information for learning word meanings of objects, but without any such input from caregivers, children still show a tendency to interpret words in certain ways.
If word-learning biases can provide default assumptions, children might have a better start with this useful support for word learning.
Actions and Pragmatic Aspects in Input
A substantial amount of research has showed that young children can use actions and pragmatic cues such as eye gaze, facial expressions, and context in learning word meanings (Baldwin, 1991; Tomasello & Akhtar, 1995) . For example, in Tomasello and Akhtar's (1995) study, whether children learned a new word, "widget", for an action or an object depended upon what kind of preparatory behavior adults engaged in. Saylor, Baldwin, and Sabbagh (2002) used an adult's gestures of circling and ambiguous pointing at the whole object and the novel part, in order to examine children's inferences. They concluded that children's using pragmatic information provided by juxtaposition, that is, placing contrastive items side by side in space and/or time, can facilitate their learning of part names. Kobayashi (1997) examined whether 2-year-olds attend to the relevant properties (shape or material) of solid objects in making inferences when adults demonstrate appropriate actions. The experimenter presented Japanese 2-year-olds a nonsense label with an unfamiliar target solid object that was either rigid (e.g., steel) or flexible (e.g., sponge), and then performed an action on the object that emphasized its shape (e.g., rolling) or its material (e.g., squeezing). The experimenter then asked the children, given the same label, to choose an object that matched the target in shape or in material.
The results showed that the children used the action information to make their choices.
Based on her longitudinal observations of motherchild interactions with everyday objects such as a toothbrush and a ball, Kobayashi (2000) The children responded that the whole thing (lung) was the name of the referent. However, in the familiar object condition (e.g., fish), the children were able to choose a part (e.g., dorsal fin) when they were asked to point to a part as a referent of the novel name. Markman and Wachtel (1988) showed that children are able to learn part names when they know the names of the whole object, but whether children are able to use other cues to learn the names of object parts must still be examined. Kobayashi (1998) Although a noun-biased , vocabulary has been confirmed in English (Goldfield & Reznick, 1990) , young children showed a more balanced or even more verbbiased vocabulary in Chinese (Tardif, 1996) and Korean (Choi & Gopnick, 1995) . Japanese is considered to be a noun-privileged language, because of the null argument and the sentence final position of SOV, however, Japanese children seem to show a noun-dominant vocabulary (Ogura, 2000 ; Sakurai, 1999) .
If language typology cannot explain these data, the riddle must be solved by some other factor. in the test situation, the child was shown two video clips of the woman doing the same action using a different object (a round metallic timer) or doing a different action with the same object (holding the object in her right hand, and tapping it against her left shoulder). While watching the standard event, a child heard either a novel noun ("X ga aru": "There is an X") or a novel verb ("X-te'iru": "X-ing").
The results showed that although five-year-olds and adults were successful in both conditions, threeyear-olds were successful only in the noun condition:
they failed to extend verbs to the same action when the object in the action was changed. Imai et al. (in press ) interpreted these results to mean that verb learning is more difficult for young children than noun learning.
In Studies 2 and 3, Imai et al. (in press ) investigated why three-year-olds failed to make inferences about verb meaning. The researchers concluded that threeyear-olds were overly conservative, that is, they are unwilling to extend a novel verb to the same action when the object in the action is changed. Imai et al.
(in press) emphasized that their results should not be interpreted to mean that Japanese children cannot learn verbs before they are five years old. Rather, they learn verbs as early as 18 months, but Imai et al.
(in press) suggest that early verb learning is not complete and that it takes some time to learn the basic principles of verb generalization, that is, that verbs get generalized on the same action or relation while the objects are variables.
Fundamental Ability to Learn Words
Joint attention refers to two persons paying attention to the same object. This was first explicitly investigated by Bruner and his colleagues (Scaife & Bruner, 1975) . The attended object can be any entity, including an everyday object, a person, or an event.
Because joint attention is an essential part of human consequently can acquire the meaning of symbols and words. Because the object of joint attention can be both concrete and abstract objects, the child starts to use symbols to refer to absent referents, such as past and future events. Some studies have focused in detail on some of these developmental stages, in order to investigate exactly what kind of mechanisms operate to establish some type of joint attention. In the face-to-face joint attention that appears between two months and six months, infants are considered to interact with objects or other persons only dyadically. At around 9 to 12 months of age, a new set of behavior emerges which can be considered to be triadic interaction, in the sense that it involves a coordination of the child's interactions with both objects and adults, resulting in a referential triangle of child, adult, and the object of which they share attention (Tomasello, 1999). Nadel and Tremblay-Leveau (1999) recognized that a personperson-person (P-P-P) system can be observed among infants younger than six months, and suggested that this system may be a precursor of the person-object- Amano, Kezuka, and Yamamoto (2004) proposed another type of triadic interaction system between P-P-P and P-O-P:person-person(object)-person (P-P(0)-P) . They pointed out that this type of interaction can be observed when an adult holds an object in his/her hand [P(0) refers to this situation], and the infant looks at and/or reaches for it. The following episode is an example of the P-P(0)-P system. During a meal, a spoon on the table does not attract the infant's attention. An infant may look only at the adult's face. Then the adult picks up the spoon and brings food by the spoon to her mouth, and the infant's attention may shift from the adult's face to the spoon. Now the infant wants to hold the spoon and eats with it. Amano et al.'s (2004) interest was to specify a precursor of joint attention established in a system of P-O-P, and investigate the shifting of attention from an adults' face to an adult's hand in three-and fourmonth-olds. The infants were presented different types of hand gestures including pointing and head inclinations while their mothers and a stranger pointed to objects. The results were as follows: (1) after encountering an averted head repeatedly, the infants shifted their attention from the adult's face to the moving hand and objects, thus they ()dented to what the adult was attending to. (2) The moving head increased the rate of infants' turning their head in the same direction as the adult's. Amano et al . (2004) concluded that an averted head and eyes play an important role in infants' orienting to an adult's hand , and the infant looked at the hand as the adult manipulated an object. They suggested that infants' orientation to the adult's hand is a precursor stage of joint attention in the P-O-P system.
Devices for Word Learning Studies
The Japanese MacArthur Communicative Develop- Ogura and Watamaki collected data from more than 2000
Japanese caregivers, and standardized the inventories using data from observations of interactions of children and caregivers in university playrooms.
The Japanese Child Language Data Exchange System (ICHAT).
It is important to collect and analyze data from children's utterances in order to study language development. In 1984, twenty researchers in the U.S.A. and Europe initiated a collaboration in which data from children's utterances collected by individual researchers would be shared through the Child Language Data Exchange System (CHILDES), which initially was directed by MacWhinney and Snow. The development of computer technology contributed greatly to the development of this system. CHAT, a transcript system of utterances, and CLAN, a software program for analysis including mean length of utterance (MLU), analysis of morphemes, and searching for specific words and sentences, were developed, and databases of various languages were added.
In 1992, a group of Japanese researchers established the JCHAT (Japanese CHAT) project to make a transcript system for the Japanese language. At present, transcribed data from more than twenty-eight languages are included in the system. Today, the TalkBank project, supported by the National Science Foundation, makes it possible to see video clips of a child and a caretaker or teacher on the internet. A guidebook, Introduction to the CHILDES Utterances Database (Hatsuwa Database CHILDES Nyumon), edited by Miyata (2004) , was published. This is a handy and understandable guidebook with many attractive illustrations and an excellent guide for beginners and intermediate users.
The Bibliography Database for Language Acquisition Research (IBIB). Unfortunately, updating the database does not seem to be perfect, but it is a useful source of information for those who are searching for articles.
Conclusions
It is unlikely that only one approach can satisfactorily explore the process of word learning. Rather, it must be examined from multiple perspectives and in many different ways. The present paper discussed studies of word learning conducted recently in Japan from five different perspectives. Future research with these and additional perspectives must explore these fascinating phenomena more fully in order to enhance our knowledge about and understanding of word learning.
